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(54) CVD/PVD method of filling structures using discontinuous CVD Al liner 



(57) Improved methods for forming metal-filled 
structures in openings (1 00) on substrates for integrated 
circuit devices are obtained by the formation of a dis- 
continuous metal liner (18) by CVD in an opening (100) 
to be filled. The discontinuous metal liner (18) surpris- 
ingly provides wetting equivalent to or better than con- 
tinuous layer CVD liners. The CVD step is followed by 
depositing a further amount of metal by physical vapour 
deposition over the discontinuous layer ( 1 8) in the open- 
ing (100), and reflowing the further amount of metal to 
obtain the metal-filled structure. 

The interior surface of the opening is preferably a 
conductive material such as titanium nitride (20). Pref- 
erably, the discontin uous metal layer (1 8) is made of al u- 
minum. The metal deposited by PVD is preferably alu- 
minum or an aluminum alloy. The methods of the inven- 
tion are especially useful for the filling of contact holes, 
damascene trenches and dual damascene trenches. 
The methods of the invention are especially useful for 
filling structures having an opening width less than 
250nm. 
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Description 

Background of the Invention 

[0001] In the fabrication of integrated circuit devices, 5 
often there is a need to form conductive metal structures 
by filling trenches, holes or other openings in a substrate 
(or in layers of the substrate). In addition to traditional 
filled structures such as vias and contact holes, the filling 
processes are becoming more widely used with the wid- to 
er use of damascene techniques for forming conductive 
structures such as metal wiring lines and dual da- 
mascene techniques which can be used to form com- 
pound conductive structures. 

[0002] Most techniques for filling openings in sub- is 
strates involve the use of chemical vapour deposition 
(CVD) and/or physical vapour deposition (PVD) of the 
desired metals in an opening which has been lined with 
a conductive barrier layer such as TiN. In many instanc- 
es, these metal deposition techniques are supplement- 20 
ed with reflow techniques whereby deposited metal is 
heated to cause flow of the metal into voids remaining 
in the structure and/or to give the deposited metal a 
more planar profile. In some instances, additional steps 
such as etching may bo used between deposition steps 25 
to access voids which are otherwise sealed off. In gen- 
eral, it is desired to reduce or eliminate the occurrence 
of voids in the filled structure, to minimize the number 
of steps needed to obtain the desired filled structure, to 
minimize the process temperature needed to achieve 30 
the filled structure, etc. 

[0003] With the continued shrinking of integrated cir- 
cuit device dimensions, the challenge of adequately fill- 
ing the openings to form the desired conductive struc- 
tures becomes greater. The challenge is typically great- 35 
est where the structure to be filled has a narrow opening 
and a high aspect ratio (ratio of depth to opening width). 
One approach to improved structure filling has been a 
two step process involving the formation of a continuous 
conformal CVD metal layer in the opening to be filled 40 
followed by deposition and reflow of a PVD metal layer. 
This technique is generally described in published Eu- 
ropean Patent Application No. 0 776 037, the disclosure 
of which is incorporated herein by reference. 
[0004] While the above C VD/PVD technique provides 45 
good filling for many structures, there remains a concern 
regarding structures having less than 250 nm opening 
width since CVD processes tend to cause a closing off 
at the top of the opening. In addition to this concern, 
there is a continuing desire for further improved tech- so 
niques which provide the ability to fill structures having 
high aspect ratios in an economical and reliable manner. 

[0005] It is an object of the present invention to pro- 
vide a technique to alleviate the above drawbacks. ss 



Summary of the Invention 

[0006] According to the present invention we provide 
a method forming a metal-filled structure in an opening 
on a substrate, the method comprising: (a) providing a 
substrate having an opening with an interior surface, (b) 
depositing a discontinuous metal layer by chemical va- 
pour deposition on the interior surface of the opening, 
(c) depositing a further amount of metal by physical va- 
> pour deposition over the discontinuous layer in the 
opening, and (d) reflowing the further amount of metal 
to obtain the metal-filled structure. 
[0007] The methods according to the invention are 
generally characterized by the formation of a discontin- 
uous metal liner by CVD in an opening to be filled. The 
discontinuous metal liner surprisingly provides wetting 
equivalent to or better than continuous layer CVD liners. 
The methods of the invention thus enable filling of struc- 
tures having opening widths well below 250 nm. 
[0008] In one aspect, the invention encompasses a 
method forming a metal-filled structure in an opening on 
a substrate, the method comprising: (a) providing a sub- 
strate having an opening with an interior surface, (b) de- 
positing a discontinuous metal layer by chemical vapour 
deposition on the interior surface of the opening, (c) de- 
positing a further amount of metal by physical vapour 
deposition over the discontinuous layer in the opening, 
and (d) reflowing the further amount of metal to obtain 
the metal-filled structure. 

[0009] The interior surface of the opening is prefera- 
bly a conductive material such as titanium nitride. Pref- 
erably, the discontinuous metal layer is made of alumi- 
num. The metal deposited by PVD is preferably alumi- 
num or an aluminum alloy. The methods of the invention 
are especially useful for the filling of contact holes, da- 
mascene trenches and dual damascene trenches. The 
methods of the invention are especially useful for filling 
structures having an opening width less than 250 nm. 
[0010] These and other aspects of the invention are 
discussed in further detail below 

Brief Description of the Drawings 

[0011] 

Figure 1 is a schematic cross section of a substrate 
showing an interior surface of an unfilled opening 
with a TiN liner; and 

Figure 2 is a schematic cross section of the sub- 
strate having a discontinuous CVD metal layer ac- 
cording to a method of the invention. 

Detailed Description of the Invention 

[0012] The invention provides improved methods for 
forming metal-filled structures in openings on substrates 
for integrated circuit devices. The methods of the inven- 
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tion are generally characterized by the formation of a 
discontinuous metal liner by CVD in an opening to be 
filled. The discontinuous metal liner surprisingly pro- 
vides wetting equivalent to or better than continuous lay- 
er CVD liners. The methods of the invention thus enable 
filling of structures having opening widths well below 
250 nm. 

[0013] The methods of the invention generally com- 
prise: 

(a) providing a substrate having an opening with an 
interior surface, 

(b) depositing a discontinuous metal layer by chem- 
ical vapour deposition on the interior surface of the 
opening, 

(c) depositing a further amount of metal by physical 
vapour deposition over the discontinuous layer in 
the opening, and 

(d) reflowing the further amount of metal to obtain 
the metal-filled structure. 

[0014] The substrate provided in step (a) contains at 
least one and more preferably a plurality of openings. 
The openings may be those commonly made in the 
manufacture of integrated circuit devices for vias, con- 
tact openings, damascene and dual damascene trench- 
es etc. These various openings may be formed by tech- 
niques known in the art or techniques to be developed. 
Typically, the openings are formed in dielectric layers 
which have been deposited on a (semiconductor) sub- 
strate. The openings are typically formed by lithograph- 
ically patterning a mask on the surface of the top dielec- 
tric layer followed by one or more etching steps to create 
openings in the dielectric layer(s) corresponding to the 
openings of the mask. Examples of various techniques 
for forming openings are discussed in "Fundamentals of 
Semiconductor Processing Technologies- by Badih El- 
Kareh, Kluwer Academic Publishers, (1995), the disclo- 
sure of which is incorporated herein by reference. The 
substrate of the invention is preferably a semiconductor 
substrate such as would be used in the manufacture of 
integrated circuit chips. Silicon is the preferred substrate 
material. The dielectric layer(s) in which the openings 
are formed may be any conventional dielectric material 
used in integrated circuit manufacture. The openings in 
the substrate may be of any dimension corresponding 
to the desired conductive structure. The methods of the 
invention are especially useful where the opening to be 
filled has a width of about 250 nm or less, and especially 
about 200 nm or less. 

[0015] The interior surface of the opening is prefera- 
bly lined with a Group 4B-6B transition metal-containing 
conductive material. Preferred Group 4B-6B transition 
metal-containing conductive materials contain Group 
4B-6B transition metals selected from the group consist- 



ing of titanium, tantalum or niobium. Preferably, the 
Group 4B-6B transition metal-containing conductive 
material is a Group 4B-6B transition metal nitride, tita- 
nium nitride being most preferred. The Group 4B-6B 

s. transition metal-containing conductive liner preferably 
prevents or minimizes unwanted interactions (e.g., dif- 
fusion) between the metal structure formed in the open- 
ing and the dielectric material surrounding the opening. 
The Group 4B-6B transition metal-containing conduc- 

10 tive liner may also enhance the general integrity of the 
metal structure formed in the opening. The Group 4B- 
6B transition metal-containing conductive liner may be 
formed by CVD or other suitable technique known in the 
art. The thickness of the Group 4B-6B transition metal- 

15 containing liner may be varied depending on the width 
of the opening to be tilled, the barrier capabilities of the 
selected liner material, etc. In general, it is preferred to 
minimize the thickness of the Group 4B-6B transition 
metal-containing liner. In some instances, the liner may 

20 be formed of plural layers (e.g. , a layer of Ti and a layer 
of TiN). 

[0016] The discontinuous metal layer is preferably 
made of aluminum. The discontinuous metal layer is 
preferably deposited by CVD The deposition preferably 

25 uses known CVD techniques which are stopped before 
the formation of a continuous conformal film is achieved. 
Thus : the appearance of the discontinuous layer prefer- 
ably is that of metal nuclei residing on the Group 4B-6B 
transition metal-containing liner on the interior surface 

30 of the opening to be filled. The discontinuous layer is 
distinguished from a continuous conformal layer in that 
at least a portion of the Group 4B-6B transition metal- 
containing liner remains exposed after the CVD proc- 
ess. The amount of exposed liner remaining can be var- 

35 jed depending on the geometry of the opening to be 
filled, the temperature used in the subsequent reflow 
step, etc. Where the opening to be filled has a very nar- 
row opening width, the amount of exposed liner is pref- 
erably greater corresponding to a reduced amount of 

40 CVD deposition. The reduced amount of CVD deposi- 
tion ensures that the opening will not be undesirably 
blocked before the subsequent PVD metal deposition 
step. Surprisingly, this reduced coverage CVD layer 
acts to enhance the tilling of the opening in the subse- 
ts quent reflow step. Preferably, about 50-95% of the liner 
surface is covered by the CVD deposited metal. 
[0017] The exact CVD deposition conditions may be 
varied depending on the degree of coverage and/or 
amount of deposition desired. An example of typical 

so process conditions would involve a CVD aluminum dep- 
osition temperature of about 200°C for about 2.5 sec- 
onds with the other process conditions corresponding 
to those normally used for CVD of aluminum. 
[0018] After deposition of the discontinuous layer, the 

55 aluminum or aluminum alloy to form the bulk of the con- 
ductive structure in the opening is deposited by PVD us- 
ing conventional PVD techniques. The amount of alu- 
minum deposited is preferably at least an amount suffi- 



3 



EP 0 967 639 A1 



1. 



20 2. 



3. 



cient to completely fill the opening (i.e. that the volume Claims 
of aluminum or aluminum alloy deposited is at least 
equal to the volume of space in the opening to be filled) 
more preferably, an excess of aluminum is deposited. 
The aluminum heater set point in the PVD apparatus is s 
preferably set at about 450°C or less. The deposition 
time may vary depending on the desired deposition 
amount and other process conditions. An example of 
typical deposition time is about 200-300 seconds, more 
typically about 250 seconds. Preferably, the wafer or 10 
substrate is kept at a temperature of about 400°C or less 
in the PVD process. 

[0019] The reflow of the deposited aluminum or alu- 
minum alloy may occur as a function of heat buiid-up as 
the PVD process progresses. 75 
[0020] Alternatively, a separate reflow heating step 
may be performed using annealing or other heating 
techniques known in the art. Generally, the reflow is con- 
ducted to eliminate voids in the deposited aluminum or 
aluminum alloy in a reasonable amount of time while 
minimizing the exposure of the substrate to high tem- 
peratures. Preferably, reflow temperatures above about 
550°C are avoided. The improved wetting characteris- 
tics associated with the discontinuous aluminum layer 
of the. invention generally enable the use of less severe 25 
reflow conditions to obtain substantially void-free filled 
structures. 

[0021] Where an aluminum alloy is used to fill the 
opening, the alloy is preferably contains at least about 
90 wt.% aluminum, more preferably at least about 95 30 
wt.% aluminum. Preferred alloying materials are con- 
ventional additives such as copper or silicon. In general, 
the use of substantially pure aluminum is preferred. 
[0022] The methods of the invention are preferably 
conducted in a cluster tool at about 1 0-7 to 1 0-8 torr such 
that vacuum is maintained between the various steps. 
[0023] Figures 1 and 2 are provided to further illus- 
trate the invention. In Figure 1 , a substrate 1 is provided 
with an opening 1 00. The open ing is lined with a titanium 
nitride liner 1 0. The opening has a mouth 1 4 and interior 40 
surface partly defined by walls shown as back wall 16 
and side wall 12 in the cross section view. The deposi- 
tion of the discontinuous layer would result in nuclei 18 
on the interior surface schematically illustrated in Figure 
2. It should be noted that the nuclei on back wall 16 have 45 
been omitted for clarity of illustration. The discontinuous 
layer shown in Figure 2 also shows portions 20 of the 
TiN layer which remain exposed after the deposition of 
discontinuous layer 18. In the actual invention, the nu- 
clei formation would typically occur on all the walls (in- so 
terior surfaces) of the opening including back wall 16. 
The spacing between the nuclei may range from nuclei 
completely touching neighbouring nuclei to nuclei being 
completely separate from each other depending in part 
on the extent of deposition. 55 
[0024] The deposition of the PVD metal is not shown. 
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A method forming a metal-filled structure in an 
opening on a substrate, the method comprising: 

(a) providing a substrate having an opening 
with an interior surface, 

(b) depositing a discontinuous metal layer by 
chemical vapour deposition on the interior sur- 
face of the opening, 

(c) depositing a further amount of metal by 
physical vapour deposition over the discontin- 
uous layer in the opening, and 

(d) reflowing the further amount of metal to ob- 
tain the metal-filled structure. 

The method of claim 1 wherein said opening is 
formed in a dielectric material layer on said sub- 
strate. 

The method of claim 2 wherein said interior surface 
of the substrate provided in step (a) is lined with a 
conductive layer of Group 4B-6B transition metal- 
containing material. 

The method of claim 3 wherein said conductive lay- 
er comprises a Group 4B-6B transition metal nitride. 

The method of claim 4 wherein said conductive lay- 
er comprises titanium nitride. 

The method of claim 3 wherein said interior surface 
is lined with at least two of said conductive layers. 

The method of any preceding claim wherein said 
discontinuous layer covers about 50-95% of said in- 
terior surface. 

The method of any preceding claim wherein said 
opening has a mouth with a width of about 250 nm 
or less. 



9. The method of claim 8 where said mouth has a width 
of about 200 nm or less. 

10. The method of any preceding claim wherein said 
deposition and reflow steps are performed at re- 
duced pressure. 

11. The method of claim 10 wherein said pressure is 
about 10-7 to 10-8 torr. 

12. The method of any preceding claim wherein said 
discontinuous metal layer is formed in step (b) by 
chemical vapour deposition of aluminum. 
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13. The method of any preceding claim wherein said 
further amount of metal is comprises a metai select- 
ed from the group consisting of aluminum and alu- 
minum alloys. 

5 

14. The method of claim 14 wherein said aluminum al- 
loys comprise an element selected from the group 
consisting of copper, silicon and mixtures thereof. 

15. The method of any preceding claim wherein said to 
reflow occurs by heat build-up during said physical 
vapour deposition step. 

16. The method of any preceding claim wherein said 
reflow step comprises annealing said substrate af- ts 
ter said physical vapour deposition step. 
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